Background: Non-alcoholic fatty liver disease (NAFLD) is closely associated with metabolic disorders including hepatic lipid accumulation and inflammation. Alisol A 24-acetate, a triterpene from Alismatis rhizome, has multiple biologic activities such as hypolipidemic, antiinflammatory and anti-diabetic. Thus we hypothesized that Alisol A 24 -acetate would have effect on NAFLD. The present study was conducted to investigate the therapeutic effects and potential mechanisms of Alisol A 24-acetate against hepatic steatosis in a free fatty acids (FFAs) induced NAFLD cell model. Methods: This study was divided into four groups including Control group, Model group (FFA group), Alisol A 24-acetate (FFA+A) group, Fenofibrate (FFA+F) group. Preventive role of Alisol A 24-acetate was evaluated using 10µM Alisol A 24-acetate plus 1 mM FFA (oleate:palmitate=2:1) incubated with HepG2 cells for 24 h, which was determined by Oil Red O Staining, Oil Red O based colorimetric assay and intracellular triglyceride (TG) content. Besides, the inflammatory cytokines tumor necrosis factor (TNF)-α, interleukin (IL)-6 levels as well as the protein and mRNA expressions that were involved in fatty acid synthesis and oxidation including Adiponectin, AMP-activated protein kinase (AMPK) α, peroxisome proliferator-activated receptor (PPAR) α, sterol regulatory element binding protein 1c (SREBP-1c) , acetyl-CoA carboxylase (ACC), fatty acid synthase (FAS), carnitine palmitoyltransferase 1 (CPT1) and acyl coenzyme A oxidase 1 (ACOX1) were detected. Results: Alisol A 24-acetate significantly decreased the numbers of lipid droplets, Oil Red O lipid content, and intracellular TG content. Besides, inflammatory cytokines TNF-α, IL-6 levels were markedly inhibited by Alisol A 24-acetate. Furthermore, Alisol A 24-acetate effectively increased the protein and mRNA expressions of Adiponectin, the phosphorylation of AMPKα, CPT1 and ACOX1, whereas decreased SREBP-1c, the phosphorylation of ACC and FAS at L. Zeng and W. Tang contributed equally to this work.
Introduction
With the improvement of living standard, nonalcoholic fatty liver disease (NAFLD) becomes the most common liver disease, whose incidence is paralleling the increasing numbers of overweight and obese individuals worldwide [1] . It encompasses a spectrum of disease from simple steatosis (triglyceride (TG) over-accumulation) to nonalcoholic steatohepatitis (NASH), characterized by steatosis, hepatocellular damage, and lobular inflammation in individuals without significant alcohol consumption [2] . NAFLD affects 10% to 24% of the general population in various countries and the prevalence has even been up to 75% in obese people [3] . In United States, it translates to approximately 30.1 million obese people affected with steatosis and 8.6 million with steatohepatitis [1] . Liver impairment, ranging from steatosis to cirrhosis, is frequent in cystic fibrosis (CF) patients [4] . Despite the high prevalence of NAFLD and its potential for serious liver injury, the current therapies for NAFLD are limited.
The pathogenesis of NAFLD is not entirely understood, the most widespread and prevailing theory is still the so-called "two-hit" model [5] . The first hit is excessive hepatic fat accumulation; on this basis a large number of adipokines/cytokines (tumor necrosis factor (TNF)-α, interleukin (IL)-6, Adiponectin) regulate free fatty acids (FFAs) to induce oxidative stress injury and inflammation is to be the second hit [6] [7] [8] . Therefore, hepatic lipid metabolic disorders and inflammation are likely to play important roles in its initiation and development.
NAFLD begins with the accumulation of lipids in the liver. Lipid accumulation in the liver can occur through maladaptations of fatty acid uptake (either through dietary sources or from fat tissue), fatty acid synthesis, fatty acid oxidation, or export of lipids from the liver [9] . Effects on lipid synthesis in NAFLD involve such as the Sterol Regulatory Element Binding Proteins (SREBPs) [10] , and fatty acid oxidation, through effects on AMP-activated protein kinase (AMPK), Adiponectin, and peroxisome proliferator-activated receptors (PPARs) [9] . Adiponectin acts through the activation of AMPK and PPARα pathways [11] and inhibition of SREBP-1c signaling [12] . AMPK activation suppresses the expression of acetyl coenzyme A carboxylase (ACC) and fatty acid synthase (FAS) via down-regulation of SREBP-1c [12] . PPARα activated by ligand can enhance transcription of acyl coenzyme A oxidase 1 (ACOX1) and carnitine palmitoyltransferase 1 (CPT1) [13] . Adiponectin is inhibited by TNF-α, IL-6 and vice versa [14] . Therefore, Adiponectin has a central role in regulating lipid metabolism and controlling in inflammation.
To expand the number of treatment options for NAFLD, recent studies have focused on identifying active ingredients or herbal extracts that can suppress hepatic lipid accumulation and inflammation. Rhizoma Alismatis, the dried rhizome of Alisma orientale (Sam.) Juz., is a famous Traditional Chinese Medicine which has been widely used for diuretic, hypolipidemic, anti-inflammatory, anti-diabetic purposes, and anti-atherosclerotic etc. for more than 1,000 years in China [15] . As the bioactive "marker compounds" of Rhizoma Alismatis, protostanetype triterpenes, including Alisol A 24-acetate ( Fig. 1) , which is one of the major active triterpenes isolated from Rhizoma Alismatis, have been determined for the quality control of Rhizoma Alismatis [16] . Alisol A 24-acetate was demonstrated to possess anti-inflammatory and hypocholesterolemic effects [17, 18] . Therefore, we supposed Alisol A 24-acetate may be effective against hepatic steatosis and inflammation in HepG2 cellular steatosis model, and further addressing its potential mechanisms. were purchased from Sigma (St. Louis, MO, USA). Triglyceride (TG) assay kit was obtained from Nanjing Jiangcheng Bioengineering Institute (Nanjing, China). BCA protein assay kit and Total protein extraction kit were from Nanjing Kaiji Bioengineering Institute (Nanjing, China). Trizol was obtained from Invitrogen (Carlsbad, USA). Antibodies against sterol regulatory element binding protein 1 (SREBP-1), Adiponectin and ACOX1 were purchased from Abcam (Cambridge, MA). AMPK and ACC Antibody Sampler kits, and antibodies against FAS and CPT1 were purchased from Cell Signaling Technology, Inc (Beverly, Massachusetts, USA). RPMI 1640 and fetal bovine serum (FBS) were purchased from Gibco (USA). Penicillin and streptomycin and 0.25% pancreatin were purchased from Genom (Hangzhou, China). All other reagents were of analytical grade.
Materials and Methods

Reagents
Cell culture Hepatocellular carcinoma cell line HepG2 cells were obtained from China Cell Culture Center (Shanghai, China). HepG2 cells were cultured in RPMI 1640 supplemented with 10% FBS, 100 U/ml penicillin, and 100 μg/ml streptomycin in a humidified incubator under 95% air and 5% CO 2 at 37°C.
Cell viability for selected action concentration of Alisol A 24-acetate
Alisol A 24-acetate was dissolved in DMSO as 100 mM storage concentrate, repackaged and cryopreserved, which was diluted with serum free medium into the required concentration before use. HepG2 cells in 100 μL medium were seeded in 96-well plates at 1 x 10 4 cells per well, and wells without cells act Blank group. 24 h after plating, the medium was discarded and RPMI 1640 containing Alisol A 24-acetate at various concentrations (0, 2.5, 5, 10, 20, 50, 100 μM) was added. After another 24 h, the soulutions were replaced with 100 μL of fresh medium and 10 μL of MTT assay reagents (5 mg/ml) for 4 h of incubation at 37°C then the resulting formazan was solubilized in 150 μL dimethyl sulfoxide (DMSO) and dissolved oscillatorily at room temperature for 10 min. The absorbance was measured at 570 nm on a Bio-Rad Model 680 microplate reader (California, USA).
Experimental design for treatment with the Alisol A 24-acetate in HepG2 cellular steatosis
To induce cellular steatosis, HepG2 cells at 80% confluence were stimulated by a mixture of 1 mM FFA (oleate:palmitate=2:1) in RPMI 1640 containing 1% BSA for 24 h [19, 20] . The cells in FFA+A and FFA+F groups were incubated with 1 mM FFA plus 10 μM Alisol A 24-acetate (according to the result of above) and 10 μM Fenofibrate [21] respectively for 24 h for treating with preventive administration in the medium. "FFA group" was exposed to the 1 mM FFA in media in the absence of drug and "Control group" was treated with FFA-free medium. Each group consisted of three replicates.
Oil red O staining
HepG2 cells (2.5 x 10 5 /well) were plated in 12-well plates and administrated according to the experimental design described in above. The cells in the different groups were washed with phosphate buffer saline (PBS), then fixed with 4% paraformaldehyde for 30 min and stained with a freshly prepared working solution of Oil Red O for 50 min at room temperature followed by being counterstained with hemaoxylin before microscopic observation (Olympus Corporation, Tokyo, Japan). To quantify the Oil Red O content, 200 μL isopropanol was added to each sample and shaken at room temperature for 15 min. The absorbance of each isopropanol-extracted sample was read with a spectrophotometer at 490 nm.
Measurement of TG content
TG content was measured using a commercial kit in cell lysates (from 5 x 10 5 /60 mm Petri dishes) prepared on ice using 2% TritonX-100 (Amresco, USA) according to the manufacturer's instruction. The Cytokine assay Adiponectin and the anti-inflammatory cytokines TNF-α and IL-6 in HepG2 cells supernatant (from 1 x 10 5 /24-well plates) were measured using commercially available enzyme linked immunosorbant assay (ELISA) (Multisciences, Hangzhou, China) following the user guide provided with kit.
Real-time PCR
Total cellular RNA, from cells (3 x 10 5 /well) seeded in 6-well plates, was extracted using Trizol Reagent (Invitrogen, Carlsbad, USA). The purified RNA was examined by electrophoresis. Total RNA (1.5µg) was reverse transcribed using an oligo (dt) 18 primer to produce cDNA. RT-PCR was used to measure the mRNA expression levels of AMPK, SREBP-1c, ACC, FAS, PPARα, CPT1, ACOX1, Adiponectin and H-18s. Real-time PCR was performed on cDNA samples and primers with SYBR ® Premix Ex Taq™ (Tli RNaseH Plus) (TAKARA, Japan). The sequences of the primers were showed in Table 1 . The amplification conditions were: 95°C for 5 min for initial denaturation, followed by 45 amplification cycles of denaturation at 95°C for 3 s and combined annealing and extension at 60 for 34 s.
Western blotting Cell lysates (2 x 10
6 cells/25 cm 2 cell culture flask) were prepared on ice using RIPA buffer (Total protein extraction kit). The protein concentrations were determined with the BCA Protein Assay Kit. Equal amounts of protein were separated by 6-15% SDS-PAGE, and transferred to polyvinylidene difluoride (PVDF) membranes (Millipore, Billerica, USA). The membranes were blocked with 5% nonfat skim milk for 3 h at room temperature and immunoblotted with polyclonal primary antibodies directed against Adiponectin (1:1000), SREBP-1 (1:1000), PPARα (1:1000), CPT1 (1:1000), ACOX1 (1:1000), AMPKα (1:1000), p-AMPKα (1:1000), ACC (1:1000), p-ACC (1:1000), FAS (1:1000) and glyceraldehyde 3-phosphate dehydrogenase (GADPH, the internal control) (1:1000). The immunoblots were incubated with peroxidase-conjugated secondary antibodies (diluted 1:5000) at 25°C for 1h. The proteins were detected with a chemiluminescent substrate (ECL, Amersham, USA), and exposed to X-ray for detection. Image J software was used for the densitometric analysis of the bands.
Statistical analysis
All experimental data were expressed as means±S.D. Statistical analysis was performed with SPSS 13.0 software and an analysis of variance (ANOVA) was used to compare means in different groups followed by a 
post-hoc Dunnett's or Bonferroni's multiple comparisons test, where a P value less than 0.05 was considered significant. All assays were conducted in duplicate and each experiment was performed at least three times.
Results
Cell viability of Alisol A 24-acetate Alisol A 24-acetate reduced HepG2 cells viability in a dose-dependent manner. (Fig.  2) . During exposure to Alisol A 24-acetate for 24 h, HepG2 cells viability was reduced at concentrations from 2.5 μM to 100 μM. Alisol A 24-acetate caused greatly significant inhibition of cell proliferation at concentrations above 10 μM, whose cytotoxicity reached 23.85% at concentration 20 μM. The result was consistent with the previous literature [22] . Hence, 10 μM Alisol A 24-acetate for an exposure time of 24 h was selected for its action concentration.
Effect of Alisol A 24-acetate on lipid accumulation in FFA induced hepatic steatosis
Oil Red O staining (Fig. 3A) showed that lipid droplets accumulated significantly (p<0.01) in the HepG2 cells cytoplasm at 1 mM FFA compared with the Control group, Alisol A 24-acetate and Fenofibrate significantly reduced the numbers of the lipid droplets compared with the FFA group. Furthermore, as shown in Fig. 3B and C, the Oil Red O lipid content and intracellular TG content were increased significantly in the FFA groups compared with the Control groups (p<0.01), and decreased significantly in the FFA+A and FFA+F groups (p<0.05, p<0.01 versus the FFA group). Fig. 4A and B, inflammatory cytokines TNF-α and IL-6 levels increased significantly in the FFA groups compared with those in the Control groups (p<0.01), and significantly reverted by Alisol A 24-acetate (p<0.01). However, the results showed that Fenfibrate had no significant inhibition of TNF-α and IL-6 levels (p>0.05).
Effect of Alisol A 24-acetate on the expression of Adiponectin in FFA induced hepatic steatosis
The Elisa result (Fig.  5A) showed the expression of Adiponectin in the FFA group was much lower than that in the Control group (p<0.01). Whereas, Alisol A 24-acetate up-regulated the expression of Adiponectin significantly compared with the FFA group (p<0.01) as well as the Adiponectin mRNA expression (Fig. 5B) . 
Effect of Alisol A 24-acetate on AMPK-SREBP-1-ACC-FAS pathways in FFA induced hepatic steatosis
AMPKα phosphorylation suppresses lipogenic gene expression involved in triglyceride synthesis and accumulation (such as ACC and FAS) via down-regulating the expression of the transcription factor SREBP-1c. As showed in Fig. 6A-D , the protein level of p-AMPKα decreased significantly while the protein levels of p-ACC, FAS and SREBP-1 increased significantly in the FFA groups compared with the Control groups(p<0.01). Howerver, Alisol A 24-acetate significantly up-regulated p-AMPKα level and decreased p-ACC, FAS and SREBP-1 levels(p<0.01). The levels of AMPK mRNA, ACC mRNA, FAS mRNA and SREBP-1c mRNA showed similar results (Fig. 7A-D) .
Effect of Alisol A 24-acetate on PPARα-CPT1-ACOX1 pathways in FFA induced hepatic steatosis
As showed in Fig. 8A-C and Fig. 9A -C, compared with the control group, the protein and mRNA levels of PPARα, CPT1 and ACOX1 in the FFA group were significantly decreased(p<0.05, p<0.01). Alisol A 24-acetate had no significant effect on PPARα expression (p>0.05). while the CPT1 and ACOX1 expressions were significantly increased in Alisol A 24-acetate group (p<0.05). ## p<0.01 compared with the control groups; *p<0.05, **p<0.01 compared with the FFA groups. Con, control group; FFA, FFA groups; FFA+A, FFA + Alisol A 24-acetate (10 μM); FFA+F, FFA + Fenofibrate (10 μM).
Discussion
Alisol A 24-acetate is the major component of Alismatis rhizome. Previous studies have demonstrated anti-inflammatory and hypocholesterolemic effects of Alisol A 24-acetate [17, 18] , however, the mechanism of action on hepatic steatosis has never been reported. The present study suggests the possible pathways that Alisol A 24-acetate ameliorated hepatic steatosis.
Hepatic steatosis results from increased fatty acid influx to the hepatocytes and reduced lipid oxidation [23] . In the hepatocyte, the FFA may be converted to TG for storage or undergo oxidation, and excess TG may be stored in lipid droplets [24] . Increased fatty acid influx into the hepatocytes may have resulted in the generation of reactive oxygen species (ROS) to induce oxidative stress by the accumulation of free fatty acids in mitochondria due to saturation of mitochondrial β-oxidation [23] . In our study, HepG2 cells were induced by 1mM FFA (oleate : palmitate=2:1) to mimic the influx of excess FFAs into hepatocytes, giving rise to hepatic steatosis [19, 20] . Our data showed that the number of lipid droplets and the contents of the Oil Red O lipid and TG increased significantly in the FFA-induced HepG2 cells, indicating that the hepatic steatosis model in vitro had been successfully established. Alisol A 24-acetate significantly reduced the accumulation of lipid droplets, the contents of the Oil Red O lipid and intracellular TG (Fig. 3) . Furthermore, excessive FFA also causes oxidative stress to produce inflammation in liver [25] . TNF-α and IL-6 are the major pro-inflammatory cytokines in NAFLD and are thought to cause the NASH and fibrosis. It is suggested that TNF-α and IL-6 are the key cytokines in the development of hepatic steatosis [26] . Our results showed that TNF-α and IL-6 levels were significantly increased in FFA group, and were remarkably decreased in Alisol A 24-acetate group, indicating that Alisol A 24-acetate possesses strong anti-inflammatory effect (Fig. 4) .
The pathophysiology of NAFLD and NASH has many links with the hepatic lipid metabolism, which is related with Adiponectin, AMPKα, SREBP-1c, ACC, FAS, and PPARα, CPT1, ACOX1 pathways [9, 27, 28] . Adiponectin, a cytokine secreted by adipose tissue or adipokine, which functions in regulating energy balance and fat metabolism, and is anti-steatotic and anti-inflammatory [7, 11] . Adiponectin knockout mice developed hepatic steatosis [29] , and patients with both steatosis and NASH have decreased serum levels of Adiponectin [30, 31] . Adiponectin suppresses inflammation by inhibiting pro-inflammatory mediators such as TNF-α and IL-6 [32] , and inversely TNF-α and IL-6 can inhibit the expression of Adiponectin [33] . Therefore, Adiponectin, TNF-α and IL-6 have central roles in regulating glucose and lipid metabolism and controlling inflammation, and Adiponectin was negatively correlated with the degree of inflammation. In our study, we obtained a low Adiponectin level in the FFA group, and Alisol A 24-acetate significantly increased the expression of Adiponectin (Fig. 5) , associated with the low levels of TNF-α and IL-6. These results indicate that the preventive effect of Alisol A 24-acetate on hepatic steatosis might be partly attributable to the up-regulated expression of Adiponectin and inhibition of TNF-α and IL-6 levels.
Adiponectin achieves its function in the liver likely via activating AMPK and PPARα pathways [34, 35] . AMPK is a key player in regulating energy metabolism and fatty acid oxidation, and AMPKα is the major subunit [36] . AMPKα phosphorylation mediates suppression of lipogenic gene expression involved in triglyceride synthesis and accumulation (such as ACC and FAS) via decreasing the actions of transcriptional factors SREBP-1c [37] . Metformin activated AMPK in hepatocytes, reducing ACC activity, inducing fatty acid oxidation and inhibiting SREBP-1c expression, thus preventing the development of hepatic steatosis [38] . Baicalin was able to decrease fatty liver diseases possibly via AMPK/ACC pathway in high fat diet animal model [39] . PPARα is a nuclear receptor highly expressed in the liver, which is able to exert its transcriptional effects on genes involved in fatty acid oxidation, uptake as well as inflammation [40, 41] . PPARα activated by ligand can enhance transcription of ACOX1 and CPT1. CPT1 regulates uptake of fatty acid and is considered the rate-limiting enzyme in fatty acid oxidation in the mitochondria. ACOX1 is the key enzyme of peroxisomal β-oxidation, and lack of the gene results in hepatocytes that can't oxidize very long chain fatty acids and causes hepatic steatosis. PPARα agonist up-regulates the expression of CPT1 [42] and inhibits TNF-α and IL-6 levels [43, 44] . AMPK activation increases fatty acid oxidation likely by activating PPARα [45] and CPT1 [46] . Therefore, AMPK and PPARα are two critical regulators of hepatic lipid metabolism and may be therapeutic targets in the treatment of NAFLD. In this study, it seems plausible that Alisol A 24-acetate activates AMPKα phosphorylation and down-regulates SREBP-1c, ACC, FAS expressions, and up-regulates CPT1 and ACOX1 expressions. PPARα expression isn't significantly increased by Alisol A 24-acetate, which might show that it requires very little change in PPARα to alter expression of CPT1 and ACOX1 genes that are likely through AMPKα. It indicates that Alisol A 24-acetate decreases fatty acid synthesis and increases fatty acid β-oxidation possibly through AMPK-SREBP-1c-ACC-FAS-CPT1-ACOX1 pathways to prevent hepatic steatosis ( Fig.6 and 9 ).
Conclusion
In conclusion, the results show that Alisol A 24-acetate has effects on abnormal lipid metabolism. Alisol A 24-acetate might not only reduce lipid accumulation but also exert an effect on inflammation. Furthermore, Alisol A 24-acetate might prevent hepatic steatosis by up-regulating Adiponectin expression, which activates the AMPK signaling pathway thereby down-regulating SREBP-1c, ACC, FAS expressions and increasing CPT1, ACOX1 expressions.
